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Mo/va/on	
  
•  Commercial	
  supersonic	
  overland	
  flight	
  is	
  
currently	
  prohibited	
  
– Supersonic	
  overland	
  flight	
  is	
  an	
  enabler	
  for	
  entry	
  
into	
  new	
  vehicle	
  market	
  

•  Replacing	
  the	
  prohibi/on	
  with	
  a	
  cer/fica/on	
  
standard	
  requires	
  an	
  interna/onal	
  effort	
  to	
  
quan/fy	
  the	
  accuracy	
  and	
  reliability	
  of	
  
predic/on	
  methods	
  

•  Deficiencies	
  in	
  exis/ng	
  methods	
  should	
  be	
  
noted	
  to	
  focus	
  research	
  on	
  addressing	
  
weaknesses	
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Mo/va/on	
  
•  Nearfield	
  CFD	
  is	
  part	
  of	
  
sonic	
  boom	
  predic/on	
  

•  Explore	
  the	
  issues	
  
•  Impar/ally	
  compare	
  
signatures	
  by	
  uniform	
  
applica/on	
  of	
  
– Nearfield	
  sta/s/cs	
  
– Propaga/on	
  
– Loudness	
  measures	
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Workshop	
  Culture	
  

•  Adjec/ves	
  such	
  as	
  good,	
  bad,	
  right,	
  and	
  wrong	
  
oversimplify	
  issues	
  and	
  should	
  be	
  avoided	
  

•  Focus	
  on	
  describing	
  observed	
  differences	
  and	
  
communicate	
  why	
  things	
  are	
  different	
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Models	
  and	
  Cases	
  

•  Designed	
  to	
  produce	
  similar	
  signatures	
  with	
  a	
  
range	
  of	
  simula/on	
  complexity	
  

•  AXIE	
  C25D	
  Equivalent	
  Area	
  Distribu/on	
  
•  JWB	
  JAXA	
  Delta	
  Wing	
  Body	
  
•  C25F	
  C25D	
  Wing	
  Body	
  Flow	
  Through	
  Nacelle	
  
•  C25P	
  C25D	
  Wing	
  Body	
  Powered	
  Nacelle	
  
(op/onal)	
  

•  STEP	
  geometry	
  files	
  and	
  grids	
  provided	
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Models	
  and	
  Cases	
  

•  All	
  geometry	
  and	
  grids	
  included	
  required	
  
angle	
  of	
  aXack	
  (grids	
  are	
  Mach	
  cone	
  aligned)	
  

•  Mach	
  1.6	
  
•  Euler	
  and	
  Reynolds-­‐averaged	
  Navier-­‐Stokes	
  
(RANS)	
  at	
  flight	
  Reynolds	
  number	
  of	
  5.7	
  
million	
  per	
  meter	
  requested	
  

•  US	
  Standard	
  atmosphere	
  at	
  15,760	
  meter	
  
al/tude	
  

•  Propulsion	
  boundary	
  condi/ons	
  provided	
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AXIE	
  
•  Inverse	
  design	
  to	
  
recover	
  C25D	
  signature	
  
at	
  3	
  body	
  lengths	
  by	
  
Anderson	
  and	
  A_osmis	
  
with	
  Euler	
  method	
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Geometry	
  created	
  with	
  OpenCSM	
  
script	
  from	
  radius	
  distribu/on	
  



JWB	
  
•  Inverse	
  design	
  to	
  
recover	
  C25D	
  equivalent	
  
area	
  by	
  JAXA	
  with	
  Euler	
  
and	
  panel	
  methods	
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C25P	
  
•  Developed	
  in	
  
AIAA-­‐2016-­‐2260	
  and	
  
AIAA-­‐2016-­‐2261	
  with	
  
Euler	
  method	
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Translated	
  from	
  a	
  Jaguar	
  geometry	
  
model	
  to	
  STEP	
  via	
  OpenCSM	
  script	
  



C25F	
  
•  Developed	
  in	
  
AIAA-­‐2016-­‐2260	
  and	
  
AIAA-­‐2016-­‐2261	
  with	
  
Euler	
  method	
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Translated	
  from	
  a	
  Jaguar	
  geometry	
  
model	
  to	
  STEP	
  via	
  OpenCSM	
  script	
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AXIE	
  Pressure	
  Disturbance	
  

dp/pinf	
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JWB	
  Pressure	
  Disturbance	
  

dp/pinf	
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C25F	
  Pressure	
  Disturbance	
  

dp/pinf	
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C25P	
  Pressure	
  Disturbance	
  

dp/pinf	
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AXIE	
  Pressure	
  Disturbance	
  

dp/pinf	
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JWB	
  Pressure	
  Disturbance	
  

dp/pinf	
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C25F	
  Pressure	
  Disturbance	
  

dp/pinf	
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C25P	
  Pressure	
  Disturbance	
  

dp/pinf	
  



AXIE,	
  C25F,	
  and	
  C25P	
  Grids	
  

•  Same	
  process	
  as	
  SBPW1	
  uniformly	
  refined	
  
unstructured	
  grids,	
  see	
  AIAA-­‐2014-­‐115	
  
– VGrid	
  spacing	
  field	
  
– FELISA	
  surface	
  grid	
  genera/on	
  via	
  GridEx	
  and	
  
CAPRI	
  

– AFLR3	
  Euler	
  and	
  viscous	
  volume	
  core	
  grid	
  
genera/on	
  

–  Inflate	
  collar	
  grid	
  genera/on	
  
– Proved	
  in	
  UGRID,	
  CGNS,	
  and	
  USM3D	
  formats	
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Grid	
  Sizes	
  

•  Mixed	
  element	
  and	
  tetrahedra	
  only	
  families	
  
with	
  a	
  factor	
  of	
  0.8	
  in	
  characteris/c	
  length	
  and	
  
doubling	
  of	
  nodes	
  and	
  elements	
  between	
  
grids	
  
– 0.6	
  to	
  56	
  million	
  node	
  Euler	
  AXIE	
  (5)	
  
– 3-­‐104	
  million	
  node	
  Euler	
  C25F	
  (6)	
  
– 5-­‐138	
  million	
  node	
  viscous	
  C25F	
  (6)	
  
– 3-­‐52	
  million	
  node	
  Euler	
  C25P	
  (5)	
  
– 5-­‐70	
  million	
  node	
  viscous	
  C25P	
  (5)	
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AXIE	
  h=2.56,	
  0.6M	
  Nodes	
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C25F	
  h=2.00,	
  3.4M	
  Nodes	
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C25P	
  h=2.00,	
  3.4M	
  Nodes	
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JWB	
  Grids	
  

•  IGES	
  surfaces	
  prepared	
  in	
  Pointwise	
  
•  Patches	
  built	
  from	
  Pointwise	
  surfaces	
  in	
  
Gridtool	
  

•  Shock	
  loca/ons	
  and	
  local	
  surface	
  spacing	
  
provided	
  in	
  HeldenMesh	
  input	
  file	
  

•  HeldenMesh	
  generated	
  surface	
  and	
  volume	
  
grids	
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JWB	
  h=1.00,	
  6M	
  Nodes	
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JWB	
  h=1.00,	
  6M	
  Nodes,	
  Zoom	
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JWB	
  h=1.00,	
  6M	
  Nodes,	
  Top	
  and	
  Side	
  



Grid	
  Sizes	
  

•  Tetrahedra	
  only	
  versions	
  	
  
–  	
  6,	
  11,	
  and	
  18	
  million	
  node	
  Euler	
  JWB	
  (3)	
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Tecplot	
  Extrac/on	
  Macro	
  

•  Consistent	
  method	
  to	
  extract	
  signatures	
  from	
  
a	
  volume	
  
– 1,	
  3,	
  and	
  5	
  body	
  lengths,	
  L	
  =	
  32.92	
  m	
  
– 0,	
  10,	
  20,	
  30,	
  40,	
  and	
  50	
  off-­‐track	
  angles	
  (PHI)	
  
– AXIE	
  centerline	
  only	
  
–  JWB	
  grid	
  did	
  not	
  extend	
  to	
  5	
  body	
  lengths	
  

•  L	
  =	
  38.7	
  m	
  with	
  R	
  =	
  0.85,	
  2.55	
  requested	
  
•  Analysis	
  uses	
  equivalent	
  L	
  =	
  32.92	
  m	
  with	
  R	
  =	
  1,	
  3	
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Data	
  Processing	
  
•  Thank	
  You!	
  Consistency	
  improved	
  from	
  first	
  
workshop	
  

•  Received	
  signatures	
  via	
  FTP	
  or	
  email	
  
•  Some	
  were	
  reformaXed,	
  zero	
  padded,	
  or	
  sorted	
  
•  PloXed	
  
•  Contacted	
  par/cipants	
  for	
  clarifica/on/update	
  
when	
  
–  Incorrect	
  loca/on	
  or	
  incomplete	
  signature	
  
–  Significant	
  differences	
  between	
  submissions	
  of	
  same	
  
par/cipant	
  (itera/ve	
  convergence)	
  

–  Reference	
  or	
  boundary	
  condi/ons	
  suspect	
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Nearfield	
  Plolng	
  

•  Tau	
  is	
  distance	
  from	
  freestream	
  Mach	
  cone	
  
origina/ng	
  at	
  /p	
  of	
  nose	
  

•  Delta	
  pressure	
  divided	
  by	
  freestream	
  pressure	
  
is	
  scaled	
  by	
  the	
  square	
  root	
  of	
  radius	
  in	
  body	
  
lengths	
  
– Signatures	
  at	
  different	
  radii	
  readily	
  comparable	
  
and	
  “aging”	
  effect	
  observed	
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Nearfield	
  Signature	
  Sta/s/cs	
  

•  Popula/on	
  mean	
  and	
  standard	
  devia/on	
  of	
  
interpolated	
  signature	
  every	
  cen/meter	
  

•  Analogous	
  to	
  wind	
  tunnel	
  spa/al	
  averaging	
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Nearfield	
  Mean	
  R=3,	
  PHI=0°	
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Nearfield	
  Varia/on	
  R=3,	
  PHI=0°	
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Nearfield	
  Varia/on	
  R=3,	
  PHI=0°	
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AXIE	
  Nearfield	
  Physics	
  R=3,	
  PHI=0°	
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JWB	
  Nearfield	
  Physics	
  R=3,	
  PHI=0°	
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C25F	
  Nearfield	
  Physics	
  R=3,	
  PHI=0°	
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C25P	
  Nearfield	
  Physics	
  R=3,	
  PHI=0°	
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C25F	
  Nearfield	
  Centerline	
  

40	
  



C25F	
  Nearfield	
  R=3,	
  Off-­‐Track	
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C25F	
  Nearfield	
  R=3,	
  Off-­‐Track	
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Coefficient	
  of	
  Li_	
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Coefficient	
  of	
  Drag	
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Coefficient	
  of	
  Pitching	
  Moment	
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Residual	
  Reduc/on	
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Overview	
  

•  Described	
  cases	
  and	
  configura/ons	
  
•  Described	
  data	
  extrac/on	
  and	
  nearfield	
  
signature	
  sta/s/cs	
  

•  Explored	
  trends	
  in	
  nearfield	
  signature	
  
varia/on	
  
– Model	
  
– Physics	
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Summary	
  

•  More	
  to	
  follow	
  a_er	
  the	
  par/cipant	
  talks	
  
•  Propaga/on	
  
•  Loudness	
  measures	
  
•  Examina/on	
  of	
  outliers	
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